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THE DISTRIBUTION OF CHOLINESTERASES IN HUMAN SKIN,
WITH SPECIAL REFERENCE TO ECCRINE AND
APOCRINE SWEAT GLANDS*
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GEORGE B. KOELLE, Pn.D., M.D.f
On the basis of pharmacologic observations, the autonomic nerve supply to
the skin may be divided into adrenergic and cholinergic fibers. It has been
shown that nor-epinephrine or a mixture of nor-epinephrine and epinephrine
serves as the chemo-mediator of adrenergic fiber impulses (1), whereas acetyl-
choline or a similar agent is released by the cholinergic fibers. Although func-
tionally distinct, these fibers appear indistinguishable in ordinary histologic
preparations. Recently, however, a histochemical technic has been developed
which apparently permits one to distinguish cholinergic from adrenergic fibers.
This method is based upon the demonstration of an enzyme, specific (true,
acetyl- or aceto-) cholinesterase (ChE), which is found in the membrane of all
cholinergic fibers, but is virtually absent from the adrenergic fibers (2).
There can be little dispute that the innervation of eccrine sweat glands in
man is cholinergic. This at one time seemed paradoxical, inasmuch as the nerve
supply is from the sympathetic system, most of the fibers of which are adrenergic.
Nevertheless the sweat glands respond to acetylcholine and all parasympatho-
mimetic drugs. They are, moreover, inhibited by atropine. In spite of this, an
interesting and as yet incompletely explained observation is the fact that in
some individuals epinephrine causes sweating. Epinephrine however is not
responsible for sweating seen under ordinary physiological conditions.
On the basis of pharmacologic studies, none of the cutaneous appendages,
other than the sweat glands, appears to be under the control of cholinergic
fibers. Recently the apocrine sweat gland has been studied and was found to
respond to epinephrine. Studies in our laboratory have indicated that the gland
is under the control of adrenergic fibers. It is felt that adrenergic impulses cause
contraction of the myoepithelium with consequent expulsion as a preformed
milky white sweat. No apocrine sweat was detected after the injection of acetyl-
choline (3). It is our belief that apocrine sweating is exclusively under the control
of adrenergic nerves. However, Herrmann (4) and Rothman (5) have challenged
this view, proposing a dval function for the apocrine gland in man. In their
opinion, the apocrine gland also responds to acetylcholine, producing in this
instance a clear colorless fluid. To support their hypothesis, they point to the
fact that injection of acetylcholine does produce a continuous flow of clear
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colorless sweat from the hair follicle. We have interpreted this sweating as
eccrine in origin. As a means of gathering more information on the subject of dual
function of the apocrine sweat gland in man, it was decided to explore its innerva-
tion. It was felt that if a dual function actually exists, a dual innervation should
be expected, and cholinergic fibers should be demonstrable histochemically.
The need for further knowledge of the type of ChE about the human eccrine
glands is also prompted by the work of Hellmann (6). This investigator, studying
the innervation of the ecerine sweat gland of cats, found that although the
fibers were cholinergic by pharmacologic criteria, the ChE in the vicinity was
the non-specific type, which is not necessarily associated with cholinergic fibers.
Some questions can be raised as to the validity of his conclusions in view of the
fact that he employed an earlier, less refined, histochemical method (7). Hence,
it was decided to study at this time the problem of apocrine and eccrine gland
innervations with specific reference to the type of ChE to be found.
Finally, attention was focussed on the general problem of cholinergic fibers in
human skin. Nothing is known regarding the type of fibers supplying, for
example, the hair follicles and the sebaceous glands.
METHOD
Three healthy male volunteers were used as subjects. After a local procaine field block, an
elliptical full-thickness skin specimen was excised, instantly placed on ice cubes, and stored
in the refrigerator. Within two hours of the time of excision, frozen sections were cut at 10 z
and placed on slides. As soon as the excess moisture had evaporated, the slides were placed in
the appropriate storage solutions, then carried through a modification of the method
described previously (2) for staining sites of specific and non-specific ChE activity. For the
localization of specific ChE (Slides B), the sections were first incubated with 5 X 10—u M
diisopropyl fluorophosphate (DFP) in 24% Na2SO4 for 30 minutes at room temperature in
order to inactivate selectively the non-specific ChE. They were then incubated for 30 or 60
minutes at 37°C. in a medium containing 0.004 M acetyithiocholine (AThCh), 0.004 M
copper glycinate, 0.04 M MgC12, 0.01 M sodium maleate buffer (pH 6.0) and 24% Na2SO4,
saturated with copper thiocholine. Under such conditions, thiocholine, liberated at the sites
of specific ChE activity, is precipitated as a white copper mercaptide which is subsequently
converted to copper sulfide by immersing the slides in (NH4)2S solution. Omission of the
first step, i.e., incubation with DFP, results in staining of sites of both specific and non-
specific ChE activity (Slides A). Sections were incubated in a similar medium containing
0.004 M butyryithiocholine (BuThCh) as substrate for the demonstration of sites of non-
specific ChE activity (Slides C). Sections treated with DFP, then incubated with BuThCh,
served as controls for the detection of staining due to the presence of other esterases or the
non-enzymatic adsorption of copper ions (Slides D). Alternate sections were counterstained
with hematoxylin-eosin.
RESULTS
Examination of slides A (ChE's) and B (specific ChE) revealed the presence of
specific ChE in numerous nerve fibers about the tubular portions of all the
eccrine glands (Figs. 1, 3, 4). The enzyme was not noted about the ductal portions
of the eccrine sweat glands. There appeared to be no significant concentration of
non-specific ChE about these glands (Slides C) (Fig. 2), nor did the control
sections (D) reveal any staining. Neither specific (Figs. 1, 3, 5) nor non-specific
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FIG. 1. Demonstration of specific cholinesterase (Slide B) localized about the eccrine
sweat gland tubules. In the lower half of the photograph are seen dark strands encircling
each of the eccrine tubules. This dark material is copper sulfide precipitated at the sites
of the specific cholinesterasc. In the upper half of the photograph are seen the apocrine
sweat gland tubules. Note the absence of cholinesterasc. (Mag. bOX)
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Fic. 2. Serial section adjacent to that seen in Fig. 1, stained for non-specific cholin-
esterase (Slide C). Note absence of this enzyme about eccrine and apocrine sweat glands.
(Mag. bOX)
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FIG. 3. Serial section adjacent to that seen in Fig. 1, counterstained with hematoxylin
and eosin (Slide B). (Mag. bOX)
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FIG. 4. View of individual eeerine glaad tubule, stained for specific cholinesterase
(Slide B) and eouaterstained with hematoxylin and eosin. (Mag. 530X)
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FIG. 5. View of individual apocrine sweat gland tubule, stained for specific cholinesterase
(Slide B) and counterstained with hematoxylin and eosin. Note absence of cholinesterase.
(Mag. 300X)
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(Fig. 2) ChE was seen about the apocrine sweat glands, excepting for occasional
isolated fibers, which appeared to represent random cholinergic fibers unrelated
to the apocriue glands.
ChE activity was not found around the sebaceous glands, the hair follicles,
or the erector pili muscles. Furthermore, it was not seen in the epidermis.
Many of the blood vessels showed faintly-staining deposits representing both
specific and non-specific ChE activity. Similar staining was seen in extra-vascular
collections of blood.
DISCUSSION
It is of interest to note that the results of these studies of the localization of
specific ChE in human skin are entirely compatible with the pharmacologic
studies which have been made upon the ecerine and apocrine sweat glands.
The eccrire glands, which are under the control of cholinergic fibers arising
from the sympathetic nervous system, showed heavy concentrations of fibers
containing specific ChE about all the tubular portions. On the other hand, the
apocrine sweat glands, which respond to epinephrine, did not reveal the presence
of significant numbers of specific ChE-containing fibers. The paucity of eholi-
nergic fibers supplying the apocrine gland would militate against the assumption
that the gland has a dual function. In reference to the eccrine gland, it should be
pointed out that no eholinergie fibers, i.e., those staining for specific ChE, were
seen about the ductal portions of the glands. This is of significance since some
observers have felt that the duct plays an active role in the process of sweat
secretion, and that this ductal function is under the control of nerve fibers.
None of our observations would support this view.
It should be pointed out that our findings of specific ChE about the eccrine
gland in man are contrary to those of Hellmann who studied the eccrine sweat
glands in the cat (6). However, as indicated above, the older method (7) employed
by the latter investigator does not prevent diffusion of the enzymes from their
normal sites to adjacent structures, especially nuclei. Hence, both false-positive
and false-negative localizations can result. In view of the present findings,
it would be of interest to repeat the studies on the sweat glands of the cat by the
present method.
We are not in a position to comment upon the presence or absence of cholinergic
fibers in the highly specialized cutaneous receptor organs.
SUMMARY
The localization of cholinesterases has been studied iii axillary biopsy specimens
from three normal adult male subjects. It has been found that specific eholin-.
esterase is present in large amounts in the nerve fibers about the secretory acini
of the eccrine sweat glands. Significant amounts of eholinesterases were not
found in the vicinity of the apoerine sweat glands, apoerine or eccrine sweat
ducts, the sebaceous glands, the hair follicles, or the epidermis. Both specific
and non-specific cholinesterase activity could he demonstrated in vascular and
extra-vascular collections of blood.
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